Introduction
Distal tephra layers of Icelandic origin, mostly thin and invisible to the naked eye, have been known from Britain and Ireland for many years (e.g. Dugmore, 1989; Bennett et al., 1992; Dugmore et al., 1995; Hall and Pilcher, 2002; Turney et al., 2006; Pyne-O'Donnell, 2007; Matthews et al., 2011) . Since the first discovery of the Vedde Ash on the British mainland (Lowe and Turney, 1997) , many of these layers have been identified with the aid of density separation techniques which allow tephra shards to be concen-trated from inorganic sediments, of which they are frequently a small component (Turney, 1998; Blockley et al., 2005) . Distal ash layers have been increasingly used to establish isochronous stratigraphic links between environmental records in different parts of Europe, thereby enabling the synchronicity of past climatic events to be assessed (cf. Haflidason et al., 2000; Lowe, 2001; Lowe et al., 2008a; Lane et al., 2011 Lane et al., , 2012 Davies et al., 2012) . Here we report the discovery of Loch Lomond Stadial (LLS: equivalent to the Younger Dryas) and early Holocene tephra layers from two sites in the Scottish Highlands (Fig.  1) , and examine their potential as isochronous markers for establishing the relative timing of early Holocene vegetation and environmental changes in this region. Both of these sites lie close to the mapped limits of the Loch Lomond Readvance (LLR) in Scotland ( Fig. 1) , which is broadly equivalent in timing to the Younger Dryas Readvance in Scandinavia (Golledge, 2010; Mangerud et al., 2016) . At one of these sites we examine the potential of tephra horizons to constrain the timing of ice retreat following the LLR, the maximum limits of which are currently thought to have been reached during the latter part of the LLS (Palmer et al., 2010) .
Site locations and methods

Site descriptions
Inverlair (5685205500 N, 484304300 W: NN 341 803) is a small kettle-hole basin situated on the southern side of Glen Spean at an altitude of c. 170 m O.D. (Fig. 2a) , roughly 4 km west of the moraine at Rough Burn, which marks the limit of Loch Lomond Readvance (LLR) ice that led to the formation of the Parallel Roads (shorelines of glacially-dammed lakes) of Glen Roy (Sissons, 1979a; Palmer et al., 2010) . The basin lies within an extensive suite of glaciofluvial mounds and terraces deposited by the decaying LLR ice (Sissons, 1979b (Sissons, , 1979c (Sissons, , 2016 , an interpretation supported by pollen-stratigraphic investigations conducted in several basins in this general vicinity, which consistently found the earliest deposits to be of early Holocene age (Lowe and Cairns, 1991) . For the present study, the site at Inverlair was systemati-cally investigated using a Dutch gouge sampler to locate the deepest part of the basin from which cores of the lowermost metre of sediment infill were subsequently extracted using a Russian coring device (Jowsey, 1966) . Pollen analysis of the basal layers was conducted at a higher stratigraphic resolution than in the case of Lowe and Cairns (1991) , using the laboratory procedures outlined below.
Loch Etteridge (5780003300 N, 480903700 W: NN 689 929) lies at an altitude of c. 300 m O.D. at the head of Glen Fernisdale (Fig. 2b) , which presently drains north-eastwards via Allt na Feithe Moire into the Spey river system. The loch, which has a long axis of c. 560 m, and a secondary axis of c. 170 m, is flanked by kames and kame terraces, while a prominent esker runs along the long axis of the loch, in parts protruding above the loch surface. It has been posited that the loch basin represents a large kettle-hole feature (Walker, 1975) . Quiescent infill of the loch has occurred at its SW extremity, from where Walker (1975) recovered a full suite of Lateglacial deposits, and a series of radiocarbon dates.The oldest date suggests that the basin has collected sediment since c. 13 14C ka, indicating that the landforms and the lake basin were formed during or immediately following the melting of the Late Devensian ice sheet .
Methods
Here we present pollen-stratigraphic data for the Loch Lomond Stadial (LLS) and early Holocene parts of the Loch Etteridge sequence and for the upper LLS boundary and Early Holocene from Inverlair. For both records pollen analysis was undertaken at higher resolution than in the records reported by Walker (1975; Etteridge) and Lowe and Cairns (1991; Inverlair) .
The Inverlair sequence has not previously been investigated for tephra content, but previous tephrostratigraphical investigations of the Lateglacial sediment succession within the Loch Etteridge basin indicates that 3 or possibly 4 tephra layers occur within deposits of Windermere Interstadial age, and two within the Loch Lomond Stadial interval (Lowe et al., 2008b) . The cryptotephra study at Loch Etteridge was based on a core sequence recovered from the site in 2007, whereas the pollen investigations were based on a separate core taken in 2008 (see Lovelady, 2008, for further details) . Precise correlations between the cores are possible however, through very similar variations in LOI values throughout each sequence (Fig. 3) .
Examination of both sequences for the presence of volcanic shards was conducted using a modified version of the heavy flotation method described by Blockley et al. (2005) . A scan for tephra shards was initially conducted across 5 cm vertical intervals; for each 5 cm interval where tephra shards were detected, contiguous sub-samples of 1 cm vertical interval were subsequently extracted. Samples were cleaned to remove organic matter such as diatom frustules by floatation in sodium polytungstate solutions of up to 2.25 g cm_3. Rhyolitic shards were then extracted at a density of 2.55 g cm_3. Residues were mounted in Canada balsam and the number of shards present recorded by microscope examination at 100_ magnification, increased to 400_ to confirm shard identifications. The positions of peak shard concentrations were determined, from which sub-samples were subsequently extracted for geochemical analysis. These samples were not ashed or subjected to acid treatments prior to analysis (cf. Blockley et al., 2005) . Tephra shards were mounted in epoxy resin and carefully polished to expose shard surfaces, prior to submission for electron probe microanalysis (EPMA) at the Research Laboratory for Archaeology, Oxford University. Whilst it is generally recommended that analyses with totals below 95% be excluded (cf. Hunt and Hill, 1993) , for some tephra layers low shard concentrations and the highly vesicular nature of the recovered shards made it difficult to obtain an adequate number of analyses (e.g. INV-A, Fig. 6 ), and as such totals above 92% have been included as supporting information.
Pollen samples were prepared using a dense liquid separation technique (cf. Nakagawa et al., 1998) , which differs from the standard method most commonly used for pollen analysis (cf. Faegri et al., 1989) . When using density separation, organic matter is separated from heavier minerogenic material by floating at a density of 2.0 g cm_3. The resulting pollen extracts were mounted on slides using glycerine and counted at a magnification of 400_. For the Inverlair sequence a total of >200 total land pollen (TLP) was counted for each sample, excepting the basal sample which was counted to >150 TLP due to low pollen concentration. For the Loch Etteridge sequence sample counts of between 100 and 200 TLP were obtained. Pollen zones were defined visually but with the aid of preliminary statistical analyses (PCA and DCA).
Loss on ignition (LOI) analyses were undertaken using standard methods (cf. Heiri et al., 2001) , to measure the organic content of the sediments contiguously every 1 cm. These were dried overnight before being combusted in a furnace for 2 h at 550 C. (Walker, 1975) . This succession from open ground taxa to the invasion of birch-hazel woodland following the Loch Lomond Stadial is also recorded in many other sites throughout lowland Scotland and in the southern and central Highlands, and was generally completed within the first millennium of the Holocene (e.g. Walker, 1984; Birks, 1989; Benn et al., 1992) . The pollen-stratigraphic data therefore provide secure temporal limits within which the age of the tephra layers, reported next, should fall.
Results
Both the Inverlair and Loch
Two discrete distal ash layers were identified in each of the two sequences. The lowermost layer in the Inverlair sequence, INV-A, lies between 11.60 and 11.62 m depth with a peak concentration of 87 shards per gram of sediment (sh g_1). This lies within the transition from a juniperdominated to a birch-dominated pollen zone (Fig. 4) , and well before the onset of Corylus (hazel) pollen deposition, and hence indicates a very early Holocene age. The chemical composition of the INV-A tephra layer most closely matches that of the Askja-S tephra (Fig. 6 ) previously reported from sites in Sweden (Davies et al., 2003; Lilja et al., 2013) , Norway (Pilcher et al., 2005) , Ireland (Turney et al., 2006) , the Faroe Islands (Lind and Wastega˚ rd, 2011) , Germany (Lane et al., 2012) and Switzerland (Lane et al., 2011) . This is the first time, however, that this tephra layer has been reported from mainland Scotland. The current best-estimate age for the Askja-S tephra is 10, 944-10,716 cal BP (2s; Bronk Ramsey et al., 2015) , which supports the early Holocene age inferred from the pollen data.
The upper tephra peak at Inverlair, INV-B, lies between 10.99 and 11.01 m depth with a peak concentration of 336 sh g_1, 1, and was deposited well after the decline of Empetrum and Juniperus, and after the development of a mixed Betula-Corylus woodland. Its stratigraphic position is similar to that of the upper tephra identified in the Loch Etteridge 2007 core sequence, , which is confined to between 6.98 and 7.03 m depth, with a peak concentration of 107 sh g_1. The chemical composition of INV-B and ETT-B are also very similar ( Fig. 3 ; Tables 1 and 2), and both match most closely to the chemical spectrum of the An Druim tephra, previously reported by Ranner et al. (2005) from the site of Lochan An Druim on the north coast of Scotland, with a mean age estimated at c. 9.65 ka BP (see below). This tephra, however, is also similar in chemical composition to that of the early Holocene Ashik tephra, recovered from sites in the Isle of Skye by Pyne-O'Donnell (2007) , which is estimated to have been deposited prior to c. 10.15 ka BP with a most probable age of c. 10.50 _ 0.3 ka BP (see below).
Although the mean ages of these two layers are relatively close, we are able to discriminate between them through two indepen-dent lines of evidence for stratigraphic superposition. The first is the stratigraphic position of the Ashik tephra relative to the Saksunarvatn Ash. Pyne-O'Donnell (2007) , who first reported the early Holocene Ashik tephra from three sites located on the islands of Skye and Mull, off the west coast of Scotland, demonstrated that it lies below a distinctive tephra layer he assigned to the Saksunarvatn Ash. The chemical data available to him at the time did not, however, conclusively support this latter correlation, as there were clear outlier values for both TiO2 and K2O (Fig.  7) . Subsequent research has augmented the data now available for the Saksunarvatn Ash (Lind and Wastega˚ rd, 2011; Brooks et al., 2012; Bramham-Law et al., 2013; Bronk Ramsey et al., 2015) , while new analytical data are reported here (see Table S2 ) which have also been obtained from the layer originally assigned by Pyne-O'Donnell (2007) to the Saksunarvatn Ash (reported stratigraphi-cally in Brooks et al., 2012) . These new data have been measured against internationally recognised analytical standards (Jochum et al., 2006 ; Table S2 ), and cluster more closely with other reported analyses for this ash (Fig. 7) , supporting Pyne-O'Donnell's initial suggestion. The Ashik tephra therefore predates the Saksunarvatn Ash, the current best-estimate age for which is 10, 257-10,056 cal BP (2s; Bronk Ramsey et al., 2015) .
Pollen stratigraphy provides the second line of evidence. The Ashik tephra in the records from Skye and Mull clearly pre-dates the arrival of Corylus (hazel), but the tephra layers INV-B and ETT-B post-date the establishment of Corylus in each locality. This is also the case with the An Druim tephra layer in the Lochan An Druim sequence (Birks, 1989; Ranner et al., 2005) , which has been dated to c. 9781-9538 cal BP, and while this date could be questioned because it is based on an age model using both AMS dates of plant macrofossils alongside reservoircorrected bulk sediment samples , it does nevertheless accord with the evidence that indicates that the Corylus rise in Scotland coincides with or post-dates the age of the Saksunarvatn Ash. Moreover in some Scottish sequences where the Saksunarvatn Ash is reported it is also stratigraphically associated with the Corylus rise (Bunting, 1994; Tallantire, 2002) . All the available evidence therefore suggests that the Ashik tephra dates to the very early Holocene, before the Corylus rise in the Scottish Highlands, while the An Druim tephra is significantly younger. Our evidence therefore strongly indicates that the INV-B and ETT-B tephra layers correlate with the An Druim tephra.
The lowermost tephra layer in the Loch Etteridge sequence (ETT-A) is located between 7.58 and 7.63 m depth in the 2007 core, but has three separate peaks in shard concentrations of 22, 30 and 43 sh g_1 at depths of 7.53-7.54, 7.56-7.58 and 7.61-7.62 m respectively (Fig. 3) . Geochemical data for these layers are provided in Table 2 , although only two analyses were obtained for the lowest layer (7.61-7.62 m) due to the low shard numbers recovered. The data overall suggest a close affinity with the chemical composition of the Vedde Ash, sourced from the Katla volcano in Iceland (Mangerud et al., 1984) . The Vedde Ash is widely recorded in Scotland, and consistently falls within the middle part of the Loch Lomond Stadial (Younger Dryas, GS-1) interval (e.g. Lowe and Turney, 1997; Wastega˚ rd et al., 2000; Davies et al., 2001 ). In the 2007 Etteridge core, however, ash with a Katla signature can be traced continuously from the middle of the LLS stratigraphic unit to the Stadial/Holocene boundary (pollen zones LET-2a to 3a, Fig. 5 ). As such, a correlation with the Abernethy tephra (MacLeod et al., 2015) , which has a composition similar to that of the Vedde Ash (Fig. 6 ) but lies close to the Holocene boundary, is also possible. MacLeod et al. (2015) have shown that there are two distinct layers with a Katla chemical signature at around this time: the Vedde Ash, and a younger Abernethy tephra, the latter dating very close to the Stadial/Holocene transition (11,721-11,231 cal BP; Bronk Ramsey et al., 2015) . In fact, they distinguish both of these layers as separate peaks in the Loch Etteridge sequence, but from a different core to the one studied here -one that shows a fuller and better resolved Lateglacial record, within which five separate ash layers were identified, initially named LET-1 to LET-5, but re-labelled here as LET-1t to LET-5t to distinguish them from the pollen zones reported for the same site. The LET-4t and LET-5t layers were assigned to the Vedde Ash and Abernethy tephra respectively (Lowe et al., 2008b; MacLeod et al., 2015) . We consider it possible that the ETT-A ash layer reported in the present study is a merged composite of both the LET-4t (Vedde Ash) and LET-5t (Abernethy tephra) layers, probably as a result of a slower rate of sedimenta-tion during the LLS than in the case of the core studied by MacLeod et al. (2015) . 4.
Significance of the results
Tephrostratigraphic implications
The data presented here suggest that some early Holocene tephra layers may be more widespread in Scotland than has been established hitherto. The Askja-S tephra, identified for the first time on the Scottish mainland in the Inverlair sequence, has a wide distribution in northern Europe, in which Scotland has a central position (Bronk Ramsey et al., 2015, Fig. 1 ). The possibility that this tephra could link other Scottish early Holocene records should therefore be explored. The An Druim tephra may also be present in a sequence investigated on the shores of Loch Laggan, located between Inverlair and Etteridge, but on stratigraphic grounds it is more difficult to discount a correlation with the Ashik tephra at this site (MacLeod, 2008) . The data provided here, however, indicate that the early Holocene rise in Corylus pollen can provide a reliable biostratigraphical marker for distinguishing between layers of the An Druim and Ashik tephras, at least for sites in Scotland. This is significant, for up until now differentiation of these two tephra layers was based mainly on the radiocarbon dates obtained from An Druim. This study therefore strengthens the case for separating these two tephra layers, as proposed in the INTIMATE event stratigraphy scheme (Blockley et al., 2014 ).
Lind and Wastega˚ rd (2011) speculated that the An Druim tephra could have an unknown bimodal shard chemistry, but the geochemical data from Inverlair lend only limited support to this. Almost all of the shards analysed in our work were indistinguish-able in chemical composition from that of the An Druim tephra reported by Ranner et al. (2005) . In both the Inverlair and Loch Etteridge An Druim records, only a single shard shows a higher proportion of MgO and CaO, and a lower proportion of FeO (Tables 1 and 2 ), which more closely matches the chemical composition of the Høvdarhagi tephra, reported by Lind and Wastega˚ rd (2011) . If the Høvdarhagi and An Druim tephra layers represent different components of the same eruption, then this would extend this marker to the Faroe Islands, but this would mean that the area over which this tephra was deposited still only covers a narrow strip from Iceland towards the north of Scotland; the An Druim/Høvdarhagi isochron would therefore continue to be of limited use for connecting sites across northern Europe.
Palaeoenvironmental implications
The discovery of the Askja-S tephra in the Inverlair sequence provides an extremely important limiting age for the disappear-ance of Loch Lomond Readvance glacier ice from Glen Spean: the Inverlair kettle-hole basin must have been deglaciated and receiving sediment by 10,830 _ 57 cal BP. What is more, below the horizon in which the Askja-S tephra is found, more than 10 cm of sediment had already accumulated, containing pollen-stratigraphic evidence for the development of Empetrum heath followed by the invasion of juniper scrub ( Fig. 4; Table 3 ). It is not known how long these vegetation phases persisted locally, but this evidence suggests that the age of the Askja-S tephra is a minimum value for the time of deglaciation of this part of Glen Spean. Inverlair lies within the reconstructed tephra footprint of the Askja-S tephra proposed by Davies et al. (2012) , so it is somewhat surprising that it has not been discovered at other sites on the Scottish mainland, such as further north (e.g. Ranner et al., 2005) , or to the west on Skye and Mull (e.g. Pyne-O'Donnell, 2007) or in the nearby Loch Laggan site (MacLeod, 2008) . It may be that this reflects different rates of sedimentation between basins, and future studies should perhaps explore basins with more highly resolved early Holocene records, to test for the possible wider occurrence of this tephra in Scotland.
At Ha¨sseldalen Port in Sweden, the Askja-S tephra was found to overly a reduction in organic carbon content (in core 3) thought to represent the Pre-Boreal Oscillation (PBO), an interpretation supported by a coincident reduction in Pinus pollen percentages (Wohlfarth et al., 2006) . In the Inverlair record, the Askja-S tephra coincides with a decrease in LOI values and lies immediately above a reversal in Betula pollen percentages. It appears, therefore, that the Askja-S tephra may provide an important isochron for testing the timing of events proposed as correlatives of the PBO in northern Europe.
The Askja-S tephra also directly overlies the peak in Juniperus in INV-2a ( Fig. 4; Table 3 ). Although this will not be discussed in detail here, it could imply that the timing of the juniper peak in parts of Scotland occurred close to the PBO, and that the Askja-S tephra might therefore provide a more reliable means than radiocarbon dating (cf. Tipping, 1987) for testing the synchronicity of the juniper peak throughout Scotland. Juniper is a light-demanding shrub that would benefit from a decline in tree cover, and is capable of tolerating the more frequent frosts and cooler conditions which probably characterised the PBO (Thomas et al., 2007) . This pattern of decreasing Betula and increasing Juniperus has also been seen in early Holocene pollen records from other sites in Britain (e.g. Walker et al., 1993) .
Corylus is more abundant in the Inverlair core than at Loch Etteridge; the catchment of the Loch Etteridge basin is far larger than at Inverlair and so this feature is unlikely to be explained by differences in pollen transport area (cf. Davis, 2000) . It is possible that Corylus was more abundant around Inverlair either because the local edaphic conditions were more favourable or because Inverlair lies at a lower altitude. However, in terms of the timing of the Corylus rise, at both sites the increase in Corylus lies stratigraphically between the Askja-S and An Druim tephra layers, indicating an early Holocene expansion. This largely agrees with the studies of Boyd and Dickson (1986) and Edwards and Berridge (1994) , which concluded that Corylus expanded into Scotland during the early Holocene.
The Etteridge sequence differs from that at Inverlair in that it clearly shows an increase in Pinus pollen towards the top of the core (zone LET-5). The initial increase in Pinus is seen in zone LET-4c, which immediately overlies the An Druim tephra: based on the date given by Ranner et al. (2005) this suggests that Pinus began to expand in this area shortly after 9781-9538 cal BP. Although Pinus pollen can be transported long distances on the wind, pollen percentages exceed 40% in LET-5 and this likely indicates local presence. In a review of the post-glacial dynamics of Pinus, Cheddadi et al. (2006) suggest that Pinus did not arrive in Scotland until after c. 8000 cal BP (a threshold of 5% was used for pollen data), and so the establishment of Pinus near Loch Etteridge may have occurred earlier than at other Scottish sites.
Conclusions
The results presented here add to the mounting evidence that indicates cryptotephra isochrons have much to offer for synchro-nising Lateglacial and early Holocene records in Scotland. The focus here has been on the early Holocene, a difficult period to examine in detail because of the rapid environmental transformations that took place: radiocarbon dating has generally proved too blunt an instrument for establishing the precise timing of events during this period (Lowe & Walker, 2000) . Attempts to develop an index of relative dating of early Holocene events have hitherto been based primarily on pollen-stratigraphic comparisons (e.g. Walker and Lowe, 1981; Lowe and Cairns, 1991; Benn et al., 1992) , which assume an orderly sequence of colonisation of the landscape by plants following rapid thermal improvement around 11,700 years ago (Walker et al., 2009 ). The weakness with this assumption, however, is that rates of plant colonisation and of the emergence of stable plant communities depend on a number of factors, including seasonal differences in ambient temperature, shelter from or exposure to the elements, distance from plant refugia, soil or substrate type and the role of soil bacteria (Matthews, 1992; Schmidt et al., 2008 ). An independent test of this approach is therefore required, and tephra isochrons appear to offer the best prospect for this. We have reported the first discovery of the Askja-S tephra on the Scottish mainland, which brings to five the number of early Holocene tephra isochrons detected in Scottish lake sediments: from oldest to youngest these are the Abernethy tephra (MacLeod et al., 2015) , the Askja-S tephra, the Ashik tephra (Pyne-O'Donnell, 2007) , the Saksunarvatn Ash (Pyne-O'Donnell, 2007 , 2011 and the An Druim tephra Ranner, 2005) .
Our data suggest that the Askja-S and An Druim tephras may be more widely dispersed in Scotland than previously supposed. This is important because the Askja-S tephra has now been identified at several widely separated sites across Europe, has a distinctive geochemistry, and seems to mark the end of the PBO, and hence is gradually emerging as a useful early Holocene isochron (Davies et al., 2012) . The difficulty of attaining reliable radiocarbon dates during this time-frame makes this discovery doubly significant (cf. Bjo¨ rck et al., 1997) . The potential of the An Druim tephra is difficult to assess at this stage, for it has been discovered at few sites so far, and there may be problems of distinguishing this ash from others with similar chemistry. Regarding the separation of the geochemically similar Ashik and An Druim tephras, there appear to be subtle differences in shard geochemistry which might be useful for making a distinction. However, in this case, pollen stratigraphy may provide the best means of differentiating between these ash layers in records from Scottish sites, as the An Druim tephra seems to have been deposited well after the regional Corylus rise (Table 3) .
With reference to the theme of this special issue of the Proceedings of the Geologists' Association, perhaps the most vital finding is the limiting date provided by the Askja-S tephra for the timing of deglaciation in the area after the Loch Lomond Readvance. The site of Inverlair lies within a suite of kames and kettle-holes formed during the retreat of the LLR ice margin, and the earliest sediments at Inverlair suggest deposition in a small pond. This means that both the glacier margin and the ice-dammed 260 m lake had vacated the area by c. 10.83 ka, the age assigned to the Askja-S tephra (Bronk Ramsey et al., 2015) . [Pyne-O'Donnell, 2007] ; 3: An Druim Loch ; 4: Loch Laggan [MacLeod, 2008] ; 6,7: Lough Nadourcan, Long Lough [Turney et al., 2006] ). The glaciation limits are based on Golledge (2010), Boston (2012) , Brown et al. (2013) and Pearce et al. (2014) . the loch drains north-eastwards, through Glen Fernisdale. The site also lies north of the Loch Lomond Readvance limits mapped for this region, by Sissons (1974) for the Gaick Plateau, and by Benn and Ballantyne (2005) for the West Drumochter Hills (to the south of Loch Ericht), the northern limit of which lies just off the bottom edge of the diagram (drawn using OS data Crown copyright [2015] ). Fig. 3 . Alignment of the two sequences studied from Loch Etteridge based on organic content (%) determined through loss-on-ignition (dashed black line) and lithostratigraphy (Troels-Smith, patterned black line). Cryptotephra analysis was undertaken on the core collected in 2007 (tephra shard abundance shown in shards g_1), while pollen analysis was undertaken on the core collected in 2008 (see Fig. 4 ). (Ranner et al., 2005; Pyne-O'Donnell, 2007) , Askja (Davies et al., 2003; Pilcher et al., 2005; Turney et al., 2006; Lind and Wastega˚ rd, 2011) , Breakish (Pyne-O'Donnell, 2007) , Høvdarhagi (Lind and Wastega˚ rd, 2011) , and Ha¨sseldalen (Davies et al., 2003; Lind and Wastega˚ rd, 2011; Lilja et al., 2013) . Individual points were omitted for the rhyolitic component of the Vedde Ash due to the larger quantity of data available (Mangerud et al., 1984; Turney et al., 1997; Wastega˚ rd et al., 1998 Wastega˚ rd et al., , 2000 Bjo¨ rck and Wastega˚ rd, 1999; Zillen et al., 2002; Pilcher et al., 2005; Koren et al., 2008) . Note: data have not been normalised. (Pyne-O'Donnell, 2007) against the revised chemistry for this tephra from the RAPID project (reported chronologically in Brooks et al., 2012) , against published chemistry for the Saksunarvatn (Mangerud et al., 1986; Bennett et al., 1992; Bunting, 1994; Wastega˚ rd et al., 2001; Andrews et al., 2002; Lloyd et al., 2009; Bramham-Law et al., 2013) . The RAPID data for the Ashik were analysed by WDS-EPMA carried out using the JEOL JXA8800 microprobe (Department of Earth Sciences at the University of Oxford). See Table S2 in the supporting information for raw data and details of analytical standards. Table 1 Major oxide concentrations of rhyolitic shards from Inverlair as determined using EPMA (JEOL-8600 electron microprobe: beam diameter 10 mm). Depths indicate the points from which the samples were taken for analysis (not the overall spread of the peak). Totals below 92% have not been shown. Table 2 Major oxide concentrations of tephra shards from Loch Etteridge (2007) as determined using EPMA (JEOL-8600 electron microprobe: beam diameter 10 mm). 
